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ABSTRACT
Using patient-level data for cerebral infarction cases in 2007, gathered from Finland, Hungary, Italy, the Netherlands,
Scotland and Sweden, we studied the variation in risk-adjusted length of stay (LoS) of acute hospital care and 1-year
mortality, both within and between countries. In addition, we analysed the variance of LoS and associations of selected
regional-level factors with LoS and 1-year mortality after cerebral infarction. The data show that LoS distributions are
surprisingly different across countries and that there is signiﬁcant deviation in the risk-adjusted regional-level LoS in all
of the countries studied. We used negative binomial regression to model the individual-level LoS, and random intercept
models and ordinary least squares regression for the regional-level analysis of risk-adjusted LoS, variance of LoS, 1-year
risk-adjusted mortality and crude mortality for a period of 31–365 days. The observed variations between regions and
countries in both LoS and mortality were not fully explained by either patient-level or regional-level factors. The results
indicate that there may exist potential for efﬁciency gains in acute hospital care of cerebral infarction and that healthcare
managers could learn from best practices. Copyright © 2015 John Wiley & Sons, Ltd.
Received 28 February 2014; Revised 2 March 2015; Accepted 8 May 2015
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1. INTRODUCTION
Cerebral infarction, caused by a blockage of an artery supplying blood to the brain, is a common cause of
disability and mortality around the world (WHO, 2008). In addition to affecting the lives of the people suffering
a cerebral infarction, it has a major impact on healthcare expenditure (Evers et al., 2004). The costs in the
treatment of cerebral infarction mostly stem from inpatient care (Cadilhac et al., 2009; Rossnagel et al.,
2005); the hospital costs have been shown to vary enormously (Luengo-Fernandez et al., 2009).
In the treatment of similar cases of cerebral infarction, the length of stay (LoS) should not vary considerably,
and the LoS distributions between comparable units should hypothetically be similar. If there is much variation
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in LoS between units, or if the LoS averages differ substantially, it raises the question whether the treatment is
optimally managed in all units. For cerebral infarction, LoS is a strong indicator for the costs of treatment
(Cipriano et al., 2009; Diringer et al., 1999; Saxena et al., 2006; Seitz and Edwardson, 1987). Therefore,
any unwarranted upward variation in LoS also implies undesirable variation in costs and inefﬁcient use of re-
sources. In addition, it raises concerns about the quality of care (Ingeman et al., 2011; Svendsen et al., 2009),
besides having important implications for health policy, because providing or ﬁnancing of stroke services may
need to be adjusted to improve the outcomes of stroke care.
We analysed the association of selected regional-level factors with risk-adjusted LoS and variance in LoS,
taking into account the effort that healthcare systems put into treating the patients in six European countries
(Finland, Hungary, Italy, the Netherlands, Scotland and Sweden). In addition, we examined the impact that
the same regional-level characteristics have on risk-adjusted 1-year mortality after cerebral infarction, control-
ling for the average and variance of LoS and the effort of the healthcare system. As an important distinction
from previous studies and a signiﬁcant contribution to analysing LoS, we were able to merge all consecutive
hospital stays in the patient-level data and analyse discontinuous acute hospital care across organisational
boundaries. Furthermore, to our knowledge, this is the ﬁrst study ever to analyse entire populations of patients
across countries using register data linked at the individual-level with a focus on regional-level analysis. If
regional-level factors associated with resource use and quality of care were identiﬁed, this might assist in
improving the performance of the healthcare system.
To construct the hypotheses, we built a model that is reminiscent of the model used by Martin and Smith
(1996) and leans on empirical ﬁndings from Sposato and Saposnik (2012). The model captures the twofold
character of LoS as being an indicator for quality of care (consistent hospitalisation times for patients with
similar severity of cerebral infarction) and a measure for (technical) efﬁciency. It yields the following hypoth-
eses: shorter LoSs are associated with greater economic wellbeing measured as gross domestic product (GDP)
and lower effort-endogenising/adjusted 30-day case fatality.
2. THEORETICAL FRAMEWORK AND HYPOTHESES
If a health system (or region, hospital or stroke service unit) is productivity-oriented, it is very likely monitoring
LoS and costs and aims to steer clinical activities to be more economical. Therefore, the more active the pursuit
of productivity in the system, the lesser the differences in LoS distributions of homogeneous patients within the
system ought to be. Similarly, the elaborations of Chalkley and Malcomson (1998, 2000) and Biorn et al.
(2003) reveal that when the system-level use of resources is well recognised, it should have an inﬂuence on
the observed LoS.1
As indicated in the previous section, our model builds on Sposato and Saposnik (2012). They showed that a
strong association between GDP and quality of primary prevention and acute care exists in the treatment of
cerebral infarction. Furthermore, in relation to GDP, they found that the mean age of patients, 30-day case
fatality and incident risk are good macro-level proxies for the quality of care. Adding to their ﬁndings, we also
took into account the effort the system puts into treating the patient.
Let us assume that LoS is, at the regional level, a function of exogenous variables X incorporating popula-
tion density and case volume and endogenous variables Z incorporating average treatment quality (q), its
uniformity measured as variance of LoS (v), concentration of cerebral infarction care in the region
1Although the treatment of cerebral infarction is not strictly standardised, there are both international and national guidelines that provide
instructions for treatment (European Stroke Organisation (ESO) Executive Committee, ESO Writing Committee, 2008; Adams et al.,
2007; European Stroke Initiative, 2000). These guidelines are used to a varying extent at hospitals (Donnellan et al., 2013), and the guide-
lines may have varying emphases (Kern et al., 2013) that may be reﬂected in LoS.
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(Herﬁndahl-Hirschman index,2 HHI) and existence of a primary or comprehensive stroke centre (CSC).3
Formally, LoS= f(X,Z) for some function f.
Let us then consider treatment quality that has its effect at an individual level. Using ﬁndings from
Sposato and Saposnik (2012), the following interrelationship should hold: q= q(a(G),m(G), r(G)), f ′g < 0,
where age (a), case-fatality (m) and incident risk (r) are all associated with GDP (G), with the features a′ >
0;m′G < 0; r
′ < 0. Because it is apparent that m is also associated with the effort the system puts into
treating a patient, we endogenise this into the model to arrive at m(G,e), m′e < 0 and q= q(a(G),m(G, e),
r(G)). We thus obtain the effort-adjusted 30-day case fatality, where the effort, (e), may be constructed as
follows:
e ¼ ∑
N
i¼1μiti
30N
þ∑
N
i¼1 1 μið Þ
N
;
where N is the number of cerebral infarction admissions for a 1-year interval, i is the index number of an indi-
vidual, μi is an indicator variable for surviving for over 30 days from the admission (μi=0 for survivors and
μi=1 for deceased within the 30-day time bracket) and ti is the survival time measured from the time of admis-
sion. The effort is then constrained in the unity interval for every i and N, and for effort-adjusted 30-day case
fatality, it is weighted with the distance from the maximum level of effort. Formally, m=m(G, e) =F(G)(1 e),
where F(G) is the 30-day case fatality.4 Aggregation over hospitals in a speciﬁed area yields the average effort
for that particular area.
Applying this model, we examined whether LoS is shorter in countries and regions where GDP or concen-
tration of treatment of public provision is higher, variance of quality is lower or primary and CSC exist. More-
over, because longer LoSs and their greater variation may be interpreted as indications of inefﬁciency, we
examined whether within-area LoS variance and GDP are associated.
3. METHODS
3.1. Data
The approach used in this study is described in Häkkinen et al. (2013). Register data on hospital discharges,
prescription drugs and mortality were acquired in the six participating European countries.5 Using hospital dis-
charge data, all patients admitted between 1 January 2007 and 31 December 2007 because of stroke subtypes of
cerebral infarction (WHO International Classiﬁcation of Diseases, 9th Edition, codes 433–434; 10th edition
code I63), intracerebral haemorrhage (431; I61), subarachnoid haemorrhage (430; I60) or ill-deﬁned stroke
(436; I64) were identiﬁed. The hospital discharge records for the identiﬁed patients were gathered for the period
1 January 2006 and 31 December 2008, and continuous episodes of hospital care were constructed starting
from the ﬁrst admission (index admission) due to stroke in 2007 by combining all consecutive hospital dis-
charges for each patient. The ﬁrst admissions of patients in 2007 that had not been preceded by any stroke sub-
type admission in the 365 days before the index admission deﬁned the starting, new stroke episodes of care in
the study data.
Stroke subtypes were graded as follows (from most to least severe): subarachnoid haemorrhage, intracere-
bral haemorrhage, cerebral infarction and ill-deﬁned stroke. In the event a patient had many different stroke
2For a region, HHI was derived by ﬁrst calculating the percentages of treated stroke patients at hospitals in the region and then squaring the
percentages, and summing the squared percentages over the hospitals in the region. The regional HHIs were normalised into unity interval.
3For deﬁnitions of primary and comprehensive stroke centres, please see Alberts et al. (2000) and Alberts et al. (2005) .
4We thus map quality onto the LoS space with the caveat that while short LoS is in general a signal of good quality, it does not necessarily
capture the whole truth when LoS falls short because of early mortality.
5The Italian data covered the inhabitants of the city of Turin and of the provinces in the Lazio region (Frosinone, Latina, Rieti, Roma and Viterbo).
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subtypes or ill-deﬁned stroke diagnoses during the episode of care, the most severe diagnosis was chosen as the
stroke subtype characterising the episode of care. For this study, only the episodes characterised by cerebral
infarction were included.
Patients were followed up for 365 days from the index admission for inpatient and outpatient care in
hospitals, for medication purchases and for mortality. In addition, the hospital admissions and the purchases
of prescribed medicines in the 365 days prior to the index admission were used in determining the comorbid
diseases of the patients.
We measured the LoS in acute hospital care during the episode of care from the index day starting on the day
of admission to the last day of acute hospital care during the continuous hospital care (LoS=T – t + 1, where T
is the last date in acute care and t is the index date). We deﬁned acute hospital care as treatment given at an
intensive care unit, on a stroke ward, on a neurological ward or in other acute care (all other medical and sur-
gical specialties). In addition, we calculated the number of days in hospital during the entire follow-up year.
LoS was truncated at 365 days if the LoS was longer. In each country, patients with LoS of continuous hospital
care longer than the 99th percentile, patients under 18 years of age, tourists, visitors and other residents with
incomplete personal identiﬁcation numbers were excluded.6
Regional-level risk-adjusted LoS indicators were constructed from the LoS predictions of individuals who
were resident in the region (but might have been treated at a hospital in some other region). Predictions were
based on coefﬁcients of sex, age group and hospital inpatient days and comorbid diseases observed during
the 365 days prior to the index admission, produced using a weighted negative binomial regression model with
pooled Finnish, Hungarian, Italian and Swedish data. One-year mortality was similarly risk-adjusted, but with
predictions stemming from logistic regression modelling on the pooled data. The comorbid diseases were de-
termined according to the primary and secondary diagnoses in the hospital discharge records and the purchases
of prescribed medication in the 365 days prior to the ﬁrst cerebral infarction admission. In Scotland, comorbid-
ities were deﬁned only on the basis of the main and secondary diagnoses because of lack of data on prescribed
medication. The comorbid diseases used in the risk adjustment and the methodology of risk adjustment for
regional-level measurement of LoS were discussed in Häkkinen et al. (2013) and Moger and Peltola (2014),
respectively. Malmivaara et al. (2015) discussed the validity and quality of the EuroHOPE cerebral infarction
stroke database in depth.
Regional-level data were acquired from the statistical database of the Organisation for Economic Co-
Operation and Development (OECD), OECD.Stat (http://stats.oecd.org) and the national statistics authorities.
Four regions with fewer than 100 cerebral infarction cases in 2007 were excluded from the regional-level anal-
yses. In addition, one region in Scotland was excluded because acute and non-acute care were not reliably
distinguishable.
3.2. Analysis strategy
The individual-level data could not be pooled with all national data because of privacy legislation and data-
sharing restrictions, and thus, the individual-level data were analysed by each partner with a common method-
ology. The partners had a common Stata script that was used to produce all the individual-level analyses and
results presented here. The regional-level results for risk-adjusted LoS and mortality as well as the variables
describing regional-level characteristics were available to all partners.
3.2.1. Individual level. In addition to studying the associations of regional-level factors with LoS as stated ear-
lier, we analysed the effects of patient-level characteristics on LoS available in the data for each country. We
assumed that LoS was generated by a Poisson-like process, but with overdispersion. Thus, negative binomial
regression was used to model the LoS at the individual level. Age, sex, comorbid diseases, number of inpatient
days in the 365 days prior to the admission and admission weekday were included in the models as independent
variables. The primary interest here was whether the independent variables had similar estimates in each
6In Italy, residents of the Lazio and Piedmont regions with an index admission outside their respective regions were excluded.
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country or whether their sign or magnitude would differ. Statistical signiﬁcance was evaluated at 0.05 level, and
p-values less than 0.01 and 0.001 are also indicated in the tables with asterisks.
3.2.2. Regional level. Regional-level analyses were carried out by pooling the regional data from all countries.
We performed four different estimations, because at the regional level, the study had four dependent variables
(risk-adjusted LoS, LoS variance, risk-adjusted 1-year mortality and crude mortality between 31 and 365 days
after cerebral infarction). GDP per capita (EUR 1000), population density, HHI (for concentration of cerebral
infarction care in the region), number of cerebral infarction cases per 100 000 inhabitants and the effort were
used in all models as continuous independent variables.
Barro (2013) clearly described the well-known interrelationship between GDP and health. People having
higher education seek to reside in economically active areas, and therefore, people with a higher educational
attainment congregate in regions with a higher GDP. They also have a higher awareness of health. Thus, areas
having a higher GDP may be assumed to have shorter LoSs. Shorter LOSs for regions having a higher GDP are
also due to the positive association between GDP and efﬁciency (Bodenheimer, 2005; Varabyova and
Schreyögg, 2013). GDP works as a proxy for efﬁciency-seeking markets and hence for shorter LoSs. Thus,
it may be assumed that we should ﬁnd shorter LOSs as a function of a higher GDP, as a high GDP requires
greater efﬁciency.
A novelty in our study is that we included the effort as an explanatory variable in the model. In principle, the
effort is meant to be taken as life-preserving, that is, the more complex the patient, the more effort is needed to
maintain life. Hence, if a patient dies after a short LoS, it is considered an indication of low effort and vice
versa. Because patient mix does not vary vastly between subsequent years, and to avoid the endogeneity in
our explanatory model, the effort for the regions was calculated with cerebral infarction cases from 2006.
Country dummies (effects shown for each country as a comparison with the grand mean) and an indicator
for the existence of either a primary or a CSC in the region were included in all models. We expected that a
well-developed infrastructure and skilled personnel at primary and CSC would reduce the average LoS and
its variance. As hypothesised earlier, we included risk-adjusted LoS and the variance of LoS in both models
estimating mortality.
First, for each dependent variable, an intra-class correlation (ICC) based on estimates of random effects
analyses of variance (ANOVA) was utilised to determine the portion of variance that was due to cross-country
differences as compared with regional differences. Then, estimations for each dependent variable were per-
formed with a random intercept model (mixed-effects maximum likelihood regression), using the explanatory
variables described earlier. If the random intercept model did not show evidence of variation in the intercepts
according to the likelihood ratio (LR) test, ordinary least squares regression was used. In the study, the main
interest was on the ﬁxed part of the model, that is, the effects that the explanatory variables have on the response.
If there appeared to be clustering in the data, we considered it as a nuisance that prevented us from ﬁtting a
single-level regression model.
Patients can be nested within hospitals and regions. Because the whole study data could not be pooled at the
patient level, this hierarchical structure could not be accounted for. However, we pooled the individual-level
data from Finland, Hungary, Italy and Sweden and estimated hierarchical models as a check of robustness.
4. RESULTS
The number of patients with cerebral infarction included in the study ranged from 3591 (Scotland) to 34 148
(Hungary). Table I summarises the characteristics of these patients in each country in 2007. Regarding age,
sex, comorbid diseases and LoS in hospital inpatient care in the 365 days prior to cerebral infarction admission,
the patient characteristics appear to be rather similar across the countries.
The distribution of LoS in acute hospital care after cerebral infarction in the six European countries studied
is shown in Figure 1, with LoS values of over 30 days truncated at 30 days. The LoS distributions show
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remarkable differences between countries. In Hungary, the LoS was highly concentrated around the mean value
of 9.4 days. In Sweden, more than 10% of the patients had an LoS equal to or greater than 30 days, and in
Scotland, around 15%.
The distributions of LoS within regions in each country are shown on a boxplot graph (Figure 2). Arranged
in ascending order of the median value of LoS in the region, the ﬁgure shows variation in LoS distribution
among cerebral infarction patients between regions in all the countries. The regional-level characteristics are
displayed in Table II. The risk-adjusted regional LoS and 1-year mortality with 95% conﬁdence intervals,
shown in Figure 3, both show variation similar to that of the unadjusted LoS.
The results of the country-speciﬁc negative binomial regression models are shown in Table III. It should
ﬁrst be noted that the models explained very little of the variation in LoS. There were differences between
countries in the sign and magnitude of the estimated coefﬁcients. In Hungary, the Netherlands, Scotland
and Sweden, the youngest age group had the shortest LoS, and the LoS was gradually increasing with
age in these countries. Contrary to this, in Finland, the oldest patients had the shortest LoS. Gender was
statistically signiﬁcant (p< 0.001) in Italy and Sweden, with men having a shorter LoS than women. Hun-
gary was the only country where the weekday of admittance showed statistically signiﬁcant associations
with LoS. Compared with admission on Sunday, patients admitted on weekdays from Monday to Thursday
had LoS that was statistically signiﬁcantly shorter (p<0.001). For example, the expected LoS for an admis-
sion on Monday was 89% (exp(0.114)) of the LoS of admission on Sunday, holding the other variables
Figure 1. Distribution of length of stay in acute hospital treatment after cerebral infarction in six European countries (length of stay values
of over 30 days truncated at 30 days)
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constant in the model. In other countries, there were no signiﬁcant differences in LoS between admission
weekdays.
According to random effects ANOVA and ICC, 59% of the variance in risk-adjusted LoS was due to differ-
ences across countries, with the remaining 41% attributable to regional differences. For variance of LoS, risk-
adjusted 1-year mortality and crude mortality between 31 and 365 days, these shares were 57% and 43%, 83%
and 17% and 51% and 49%, respectively. The random effects ANOVA showed variation in the country-level
intercepts, as the LR test gave values of 38.64 (halved p=0.00), 30.28 (halved p=0.00), 72.96 (halved p=0.00)
and 15.45 (halved p=0.00), respectively. Therefore, the modelling was performed with a random intercept
model for all four responses.
Regional-level average risk-adjusted LoS was not statistically signiﬁcantly associated with GDP or effort,
the factors of primary interest in the present study (Table IV). In the model for risk-adjusted 1-year mortality,
both GDP (p< 0.001) and effort were negatively associated with mortality. An EUR 1000 increase in GDP was
estimated to lower risk-adjusted 1-year mortality by 0.2 percentage points. Interestingly, LoS variance was not
associated with mortality. Effort, HHI and the existence of a primary or CSC in the region did not correlate
signiﬁcantly with the responses in any of the models.
As a check of robustness, we ran hierarchical models with individual-level pooled data of Finland, Hun-
gary, Italy and Sweden including 64 regions, with 70 686 patients. Table V shows the estimated coefﬁ-
cients and their standard errors from ﬁtting a regional-level random intercept model on risk-adjusted LoS
and risk-adjusted 1-year mortality, and from ﬁtting a hierarchical negative binomial regression model on
LoS and a hierarchical logistic regression on 1-year mortality on the patient level. The hierarchical models
Figure 2. Region-speciﬁc boxplots of length of stay in acute hospital treatment after cerebral infarction in six European countries (outside
values excluded, median ordered)
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with three levels (patient, hospital and region) failed to converge, and therefore, only two levels (patient
and region) were included.
5. DISCUSSION
The data showed remarkable variations in LoS, even after accounting for patient characteristics and comorbid
diseases. Similarly, variance of LoS as well as 1-year mortality after cerebral infarction showed both regional-
level and national-level variations. As the individual-level estimations indicate, the basic set of patient-level
characteristics used in the models explained very little of the individual-level variation in LoS. At the national
level, we found that the variation in LoS within regions in countries is remarkable and that countries also show
different patterns of LoS for cerebral infarction patients. Contrary to our expectations, GDP per capita was not
statistically signiﬁcantly associated with LoS and the variance of LoS at the regional level. Neither GDP,
population density, HHI for the concentration of care, availability of a primary or CSC in a region nor effort
was statistically signiﬁcantly associated with either LoS or variance of LoS. GDP and population density were
found to contribute signiﬁcantly to risk-adjusted 1-year mortality after cerebral infarction in the regions. This
ﬁnding conﬁrms the link between GDP and mortality after cerebral infarction and shows that the results of
Sposato and Saposnik (2012) are valid at the regional level as well. Many studies have shown that primary
and comprehensive stroke units have lower mortality (Sun et al., 2013), but this ﬁnding was not replicated
in this regional-level analysis.
At the national level, benchmarking of healthcare providers has become increasingly common (Oderkirk
et al., 2013). For European stroke care strategies, clear goals were set in the Helsingborg declaration for the
treatment of cerebral infarction, including establishing the means to monitor continuously the quality of care
through indicators for process, structures and outcomes by the year 2015 (Kjellstrom et al., 2007). There have
been a number of studies that have compared the performance of hospitals or units in caring for cerebrovascular
Table II. Regional-level characteristics in 2007
Finland Hungary Italy
Netherlands
Mean IQR Mean IQR Mean IQR Mean
Independent variables
Number of regions (N) 18 20 6 12
Population density
(inhabitants/km2)
62 13–35 248 75–99 1379 86–757 494
Gross domestic product per
capita (EUR)
29 811 26 233–32 066 14 562 11 448–16 318 27 263 24 834–31 283 35 762
Herﬁndahl–Hirschman Index 0.75 0.61–0.93 0.37 0.30–0.44 0.22 0.08–0.34 0.23
Cerebral infarction cases/100 000
inhabitants
579 486–665 296 249–331 802 601–829 1613
Regions with no primary or
comprehensive stoke centre (N)
6 0 2 0
Effort (2006) 0.96 0.95–0.96 0.93 0.92–0.94 0.96 0.95–0.97 0.93
Dependent variables
LoS (days) 10.4 8.3–11.7 9.3 8.6–10.1 10.8 10.6–11.0 10.7
LoS (days), risk-adjusted (M1) 10.4 8.5–11.7 9.6 8.9–10.3 10.8 10.8–11.0 10.9
LoS (days),
variance (M2)
203 100–256 28.0 21–32 64 56–63 83
One-year mortality (%) 20.5 18.7–23.4 25.2 23.7–26.1 15.5 12.4–18.2 21.6
One-year mortality (%),
risk-adjusted (M3)
19.3 18.1–21.0 29.4 27.7–31.5 16.1 13.1–17.9 23.0
Mortality from 31 days to
1 year (%) (M4)
10.2 9.2–11.9 12.0 11.5–13.1 8.7 7.3–10.0 9.9
IQR, interquartile range; LoS, length of stay. M1, M2, M3, M4: dependent variable in models 1 to 4
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disease patients across countries (Rudd et al., 2001; Wolfe et al., 2004; Wiedmann et al., 2012; Weir et al.,
2001; Heuschmann et al., 2011). However, to our knowledge, the present study is the ﬁrst to analyse entire
populations of cerebral infarction patients across countries (with the exception of Italy) with register data linked
at the individual level.
Table II. (Continued)
Netherlands Scotland Sweden Total
IQR Mean IQR Mean IQR Mean IQR
Independent variables
Number of regions (N) 9 20 85
Population density
(inhabitants/km2)
229–693 253 52–272 46 13–50 276 29–186
Gross domestic product per
capita (EUR)
30 923–40 599 31 443 24 881–35 848 31 556 29 038–32 294 27 467 24 168–32 261
Herﬁndahl–Hirschman Index 0.13–0.34 0.69 0.49–0.90 0.43 0.32–0.47 0.47 0.31–0.64
Cerebral infarction cases/100 000
inhabitants
1178–1563 1429 1274–1721 465 409–496 737 393–890
Regions with no primary or
comprehensive stoke centre (N)
0 0 8
Effort (2006) 0.92–0.94 0.92 0.92–0.94 0.94 0.93–0.94 0.94 0.93–0.95
Dependent variables
LoS (days) 10.3–11.1 17.0 13.9–19.0 14.9 13.7–16.4 12.0 9.9–13.9
LoS (days), risk-adjusted (M1) 10.4–11.2 16.9 13.8–18.7 14.6 13.4–16.0 12.0 10.0–13.6
LoS (days), variance (M2) 68–94 641 213–1014 242 187–298 190 50–233
One-year mortality (%) 20.6–23.3 29.0 26.9–32.0 23.6 21.9–24.9 23.0 20.8–25.7
One-year mortality (%),
risk-adjusted (M3)
21.4–24.0 36.2 33.2–37.8 19.8 18.4–21.0 23.9 19.0–28.9
Mortality from 31 days to
1 year (%) (M4)
9.5–11.1 14.7 13.4–15.2 12.3 11.7–13.2 11.5 10.0–12.8
Figure 3. Regional variation in length of stay and 1-year mortality (risk-adjusted, with 95% conﬁdence intervals) after cerebral infarction in
six European countries, in ascending order with regional values of length of stay and mortality, respectively
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It was demonstrated earlier that national-level health registers can be used to monitor and compare the inci-
dence of, treatment practices for and mortality in cases of cerebral infarction for hospitals, regions and countries
(Meretoja et al., 2011). The existing national databases for the evaluation of cerebral infarction are often
hospital-based and usually rely on voluntary reporting, while nationwide coverage varies (Meretoja et al.,
2010). We developed these data a step further as we gathered comparable multinational register-based study
Table III. Negative binomial regression results for length of stay in six European countries (standard errors on second row)
Finland Hungary Italy Netherlands Scotlanda Sweden
Age group 18–54 years 0.105** 0.128*** 0.091** 0.231*** 0.626*** 0.328***
0.037 0.01 0.031 0.025 0.074 0.032
Age group 55–64 years 0.013 0.058*** 0.093*** 0.217*** 0.290*** 0.219***
0.029 0.008 0.023 0.022 0.065 0.022
Age group 65–74 years 0.017 0.026*** 0.109*** 0.128*** 0.171** 0.092***
0.024 0.007 0.016 0.019 0.053 0.018
Age group 75–84 years (ref) (ref) (ref) (ref) (ref) (ref)
Age group 85 years 0.109*** 0.008 0.063** 0.051* 0.05 0.023
0.028 0.011 0.02 0.022 0.058 0.017
Male 0.017 0.002 0.073*** 0.035* -0.03 0.049***
0.02 0.006 0.014 0.015 0.041 0.013
Hypertension 0.011 0.062*** 0.006 0.091*** 0.05 0.035*
0.022 0.007 0.015 0.018 0.083 0.015
Coronary artery disease 0.167*** 0.016 0.065* 0.018 0.114 0.011
0.033 0.01 0.029 0.04 0.082 0.027
Atrial ﬁbrillation 0.037 0.050*** 0.021 0.083 0.017 0.069**
0.034 0.015 0.038 0.045 0.091 0.025
Cardiac insufﬁciency 0.041 0.014 0.126** 0.0 -0.136 0.082*
0.046 0.015 0.043 0.057 0.131 0.033
Diabetes 0.037 0.026*** 0.035* 0.079*** 0.003 0.068***
0.024 0.007 0.016 0.018 0.099 0.018
Cancer 0.039 0.038* 0.058 0.076* 0.008 0.031
0.038 0.017 0.043 0.038 0.084 0.03
COPD 0.075** 0.035*** 0.029 0.019 0.029 0.056**
0.028 0.008 0.018 0.018 0.103 0.021
Dementia 0.013 0.037* 0.076 0.052 0.237 0.142***
0.044 0.017 0.059 0.062 0.175 0.038
Depression 0.092*** 0.058*** 0.012 0.110*** 0.042 0.024
0.027 0.008 0.021 0.02 0.326 0.017
Parkinson’s disease 0.145 0.022 0.047 0.081 0.544 0.034
0.081 0.014 0.047 0.054 0.346 0.046
Length of stay previous year 0.012*** 0.001*** 0.001 0.003** 0.001 0.003***
0.001 0.0 0.001 0.001 0.002 0.001
Monday 0.055 0.114*** 0.046 0.086** 0.139 0.034
0.035 0.011 0.027 0.027 0.074 0.025
Tuesday 0.075* 0.050*** 0.032 0.083** 0.011 0.013
0.035 0.012 0.027 0.027 0.076 0.025
Wednesday 0.069* 0.052*** 0.03 0.043 0.042 0.002
0.035 0.012 0.028 0.027 0.076 0.025
Thursday 0.004 0.040*** 0.038 0.025 0.053 0.047
0.036 0.012 0.028 0.028 0.076 0.025
Friday 0.090* 0.012 0.026 0.004 0.097 0.01
0.036 0.012 0.028 0.028 0.077 0.026
Saturday 0.032 0.003 0.056* 0.031 0.01 0.007
0.038 0.013 0.028 0.03 0.08 0.027
Sunday (ref) (ref) (ref) (ref) (ref) (ref)
Constant 2.332*** 2.376*** 2.463*** 2.552*** 3.001*** 2.75***
0.035 0.012 0.026 0.029 0.066 0.025
N 8735 34 148 9024 12 263 3591 19 065
Pseudo R2 0.004 0.003 0.004 0.004 0.004 0.002
aFor Scotland, the comorbid diseases are based only on the primary and secondary diagnoses that the patient had in the hospital discharge
records during the 365 days prior to cerebral infarction.
*p< 0.05,**p< 0.01,***p< 0.001.
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data, and we used these data to analyse the effect of regional-level factors associated with regional-level out-
comes. The present study may be considered a step towards routine international register-based comparisons
of health systems in the treatment of cerebral infarction.
The use of register data is both a strength and a limitation of the study. Many of the previous studies were
restricted to analysing only the LoS of separate hospital discharges. A major strength of our data is that we
were able to combine all hospital discharges for an individual patient and to extract the acute hospital care
of the episodes for the analysis. Use of register data is a low-cost means to obtain population-wide patient-
level data on cerebral infarction, but there are certain deﬁciencies in administrative data on cerebral infarction
patients (Sacco et al., 2013). Coding practices and the availability of uniformly deﬁned data affect and
Table IV. Results of the random intercept models with regional-level data (standard errors on second row)
Risk-adjusted
LoS (M1)
Variance of
LoS (M2)
Risk-adjusted 1-year
mortality (M3)
Crude mortality between
31 and 365 days (M4)
Gross domestic product (EUR 1000) 0.013 0.854 0.205*** -0.043
0.044 3.559 0.059 0.036
Population density 0 0.004 0.001*** 0.001*
0 0.026 0 0
Herﬁndahl–Hirschman index 2.359 194.098 0.497 0.102
1.267 101.486 1.703 1.037
Cases per 100 000 pop. 0.001 0.102* 0.001 0
0.001 0.052 0.001 0.001
Primary or comprehensive stroke centre in region 0.542 57.221 0.305 0.105
0.906 72.511 1.182 0.726
Effort 8.58 977.056 20.599 13.167
16.253 1301.853 21.321 13.05
Variance of LoS 0.002 0.001
0.002 0.001
Constant 19.857 728.791 49.609* 0.25
15.015 1202.439 19.752 12.036
LoS, length of stay.
*p< 0.05,**p< 0.01,***p< 0.001.
Table V. Results of the regional-level random intercept models and hierarchical models with pooled individual-level data
(standard errors on second row)
With regional-level data With individual-level data
Risk-adjusted LoS
(M1)
Risk-adjusted 1-year
mortality (M3) LoS
One-year
mortality
Gross domestic product (EUR 1000) -0.049 0.254*** 0.000 0.014***
0.048 0.061 0.001 0.000
Population density 0 0.001** 0.000 0.000**
0 0.000 0.000 0.000
Herﬁndahl–Hirschman index 0.385 2.291 0.151*** -0.214
1.178 1.481 0.020 0.106
Cases per 100 000 pop. 0 -0.003 0.000 0.000
0.002 0.002 0.000 0.000
Primary or comprehensive stroke centre in region 0.532 0.933 0.021 0.071
0.762 0.966 0.015 0.076
Effort 7.884 129.4*** 1.950*** 6.931***
20.949 26.133 0.149 1.657
Variance of LoS 0.000 0.000
0.003 0.000
Constant 17.649 151.3*** 4.604** 6.982***
19.459 24.31 0.137 1.531
LoS, length of stay.
*p< 0.05,**p< 0.01,***p< 0.001
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constrain any register-based study. In the present study, the major limitations were the lack of measures at the
patient level for the severity of the disease, socioeconomic status, frailty, care in intensive care units, throm-
bolysis and costs. The individual-level data did not include a measure for the severity of cerebral infarction. It
has been shown that severity of the disease is the most important factor contributing to a patient’s LoS
(Appelros, 2007; Koton et al., 2010). The very low ability of the patient characteristics we used to explain var-
iation in LoS may partly be due to this lack. However, there is some evidence indicating that severity of isch-
aemic stroke may be quite similar in different geographical regions (Kunisawa et al., 2013). For Scotland, data
on medication in the year before the index admission to better identify patients’ comorbid diseases were un-
available, and this may have carried over to the risk-adjusted measures of LoS and 1-year mortality. As
discussed in Malmivaara et al. (2015), the cerebral infarction data used may not be fully representative in
the Netherlands or Scotland. This may also bias the individual-level results for these two countries. Despite
this, the regional-level analyses may be considered valid, as the causes for partial representativeness in these
two countries do not affect the regional-level comparisons of care and outcomes. Many aspects of nations and
healthcare systems have been shown to be related to healthcare expenditure (Martín et al., 2011). One such
feature is the remuneration of hospitals, but unfortunately, we did not have enough variation in our
regional-level data regarding ﬁnancing of hospitals to be able to study the effects that different payment mech-
anisms may have on LoS and mortality. The regional supply of non-acute and social care after cerebral infarc-
tion and the cultural differences in informal care may also be linked to LoS acute care, but in the absence of
data, it was not feasible to take their effects into account.
Cerebral infarction can be considered a ‘low variation condition’ regarding expected small area variation
with respect to acute hospital care (Wennberg and Gittelsohn, 1973). In addition, given the long and acclaimed
history of analyses of LoS in hospital care (Clarke and Rosen, 2001), we expected the variation in LoS after
cerebral infarction to be moderate at most. The observed variations between regions and countries in both
LoS and mortality were not very well explained by either patient-level or regional-level factors and may
therefore represent different healthcare policies and management of cerebral infarction. Furthermore, the
present study conﬁrmed that international benchmarking of acute hospital care using individual-level register
data is possible. However, administrative data should be enriched with individual-level severity measures of
cerebral infarction in order to convey more precise information on performance.
It is important that healthcare managers are informed of differences in LoS observed within and between
countries. Comparing the resources used to the outcomes achieved is the next step in research in order to be able
to give recommendations about the optimal use of resources in treatment. In particular, it is important to deter-
mine which factors can be changed, and which effects stem fromwhich various features in the healthcare system.
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